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BEPCII and STCF in China
BEPCII

p Peak luminosity 0.6-1´1033 cm-2s-1

at 3.773 GeV 

p Energy range Ecm = 2 - 4.6 GeV 

p No Polarization 

Designed STCF

p Peak luminosity 0.5-1´1035 cm-2s-1 at 4 GeV 

p Energy range Ecm = 2-7 GeV 

p Potential to increase luminosity and realize 

beam polarization

1 ab-1 data expected per year
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BESIII Physics

Chin. Phys. C 44, 040001 (2020)
doi:10.1088/1674-1137/44/4/040001
[arXiv:1912.05983 [hep-ex]].

Int. J. Mod. Phys. A 24, S1-794 (2009) 
[arXiv:0809.1869 [hep-ex]].
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Facilities for Charm Study
p LHCb:  huge x-sec, boost,  9 fb-1 now (x40 current B-factories)

p B-factories (Belle(-II), BaBar): more kinematic constrains, clean 

environment, ~100% trigger efficiency

p t-charm factory : Low backgrounds and high efficiency; missing
technique; Quantum correlations and CP-tagging are unique;

• BESIII: 20 fb-1 at 3.77 GeV; 6 fb-1 at 4.18 GeV; 15 fb-1 @ 4.6-4.9 GeV
• STCF : 4´109 pairs of D±,0 and 108 Ds pairs per year
• Highlighted Physics programs
- Precise measurement of (semi-)leptonic decay (fD, fDs, CKM matrix…)
- 𝐷! − #𝐷! mixing, CPV
- Rear decay (FCNC, LFV, LNV….)
- Excite charm meson states  DJ, DsJ (mass, width, JPC, decay modes) 
- Charmed baryons (JPC, Decay modes, absolute BF)
- Light meson and hyperon spectroscopy studied in charmed hadron decays
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Charmed meson decays
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Precision measurement of CKM elements

CKM matrix elements are fundamental SM parameters that 
describe the mixing of quark fields due to weak interaction. 
p A precise test of EW theory
p New physics beyond SM?
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Three generations of quark? Unitary matrix?

Expected precision < 2% at BESIII

BESIII + B factories + 
LQCD

BESIII + B factories + 
LHCb + LQCD

A direct measurement of Vcd(s) is one of the most 
important task in charm physics
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D(s) (Semi-)Leptonic decay
Purely Leptonic:

Semi-Leptonic:

Directly measurement : |Vcd(s)| x fD(s) or |Vcd(s)| x FF
p Input fD(s) or fk(p)(0) from LQCD  Þ |Vcd(s)|
p Input |Vcd(s)| from a global fit  Þ fD(s) or fk(p)(0) 
p Validate LQCD calculation of Input fB(s) and provide constrain of CKM-

unitarity
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D(s) Leptonic decay

* assuming Belle II  improved systematics  by a factor 2

LQCD : 0.2%
(0.1% expected)

LQCD : 0.2%
(0.1% expected)

LQCD : 0.2%
(0.1% expected)

Stat. uncertainty is closed to theory precision
Sys. is challenging
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Prospects on the semi-leptonic decays
LFU test at STCF

STCF will largely improve
the precisions of the form
factors over all the modes
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Form factors 𝒇!𝑫→𝒉

Crucial tests on the LQCD results
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Lepton Flavor Universality 
LFU is critical to test the SM and search for new physics beyond the SM

• Large uncertainty from BESIII, dominant by statistically limited
• BESIII and STCF would improve them significantly

1𝞼 difference?
2.93/fb@3773MeV;
3.19/fb @ 4178MeV

Semi-leptonic modes

2𝞼 difference?

Pure-leptonic modes
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Determination of g⁄f3 angle 
p The	cleanest	way	to	extract	γ is	from	BàDK	

decays:	

- Interference between tree-level decays; 
theoretically clean

- current	uncertainty		σ(γ) ~5⁰	
- however,	theoretical	relative error	~10-7	 (very

small!)
p Information	of	D	decay	strong	phase	is	

needed
- Best way is to employ quantum	coherence	of	

DD	production	at	threshold
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Determination of g⁄f3 angle 

BESIII 20/fb:
σ(γ) ~0.4o

STCF is needed!

Three methods for exploiting interference 
(choice of D0 decay modes):

p GLW: Use CP eigenstates of D(*)0 decay, e.g. D0 à Ksπ0, D0à π+ π -

p ADS: Use doubly Cabibbo-suppressed decays, e.g. D0 à K+π –

─ With	1	ab−1@	STCF	:		σ(cosδKπ)	∼0.007;	σ(δKπ)	∼2oè σ(γ)	<0.5o

p BPGGSZ: Use Dalitz plot analysis of 3-body D0 decays, e.g. Ks π+ π- ; 
high statistics; need precise Dalitz model
─ STCF reduces	the	contribution	of	D Dalitz model	

to	a	level	of	~0.1o
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Determination	of	g/f3		angle	in	CKM

2040 with full BESIII

STCF will provide complementary information on the strong
phase and allow detailed comparisons in different models

2019
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𝑫𝟎-#𝑫0  mixing and CPV at STCF
STCF provide a unique place for the study of 𝑫𝟎 -"𝑫0 mixing and 
CPV by means of quantum coherence of 𝑫𝟎 𝐚𝐧𝐝 "𝑫0 produced 
through

p Mixing rate 𝑅" = #!$%!

& ~10'( with 1 ab-1 data at 3.773 GeV via 

same charged final states  𝐾±𝜋∓ 𝐾±𝜋∓ or 𝐾±𝑙∓𝑣 𝐾±𝑙∓𝑣
p Mixing parameters and CPV parameters with 1 ab-1 data at 4009 MeV

via coherent (C-even and C-odd) and incoherent process
p ∆𝐴+,~10'- for KK and pp channels
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Precision estimation at STCF

1/ab @4009 MEV
(only QC | QC+incoherent)

(preliminary estimation)

BELLEII(50/ab)
[PTEP2019, 123C01]

LHCb(50/fb)
(SL | Prompt)
[arXiv:1808.08865]

𝑥 % 0.036 0.035 0.03 0.024 0.012

𝑦 % 0.023 0.023 0.02 0.019 0.013

𝑟"# 0.017 0.013 0.022 0.024 0.011

𝛼"#(∘) 1.3 1.0 1.5 1.7 0.48

Ø The only QC results: contains 𝐷. → 𝐾/𝜋𝜋, 𝐷. → 𝐾'𝜋$𝜋. and general CP 
tag decay channels

Ø The QC+incoherent results: combines coherent and incoherent 𝐷.
meson samples

Ø The BELLE II and LHCb results only contain incoherent 𝐷. → 𝐾/𝜋𝜋
channel
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Charmed baryon decays 
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Prospects at BESIII

first
measurement
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STCF: precision studies of 
the charmed baryon decays

Era of precision study of the charmed baryon (Λ0, Ξ0 and Ω0) decays
to help developing more reliable QCD-derived models in charm sector
p Hadronic decays: 

to explore as-yet-unmeasured channels and understand full picture of 
intermediate structures in charmed baryon decays, esp., those with 
neutron/Σ/Ξ particles

p Semi-leptonic decays:
to test LQCD calculations and LFU

p CPV in charmed baryon: BP and BV two-body decay asymmetry,
charge-dependent rate of SCS

p Charmed Baryons Spectroscopy : (63 P-wave states from QM, less
than 20 are observed!)

p Rare decays: LFV, BNV, FCNC

STCF will provide very precise measurements of their overall
decays, up to the unprecedented level of 10-6 ~10-7
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Summary
• BESIII and STCF are the crucial precision frontier
• Important playground for studying non-perturbtive

QCD, constrain EW theory and test the SM
ü CKM matrix elements
ü LQCD calibration
ü Search for violation of LFU in charm sector
ü Precision measurement of the charmed baryon decays

• Complementary to Belle II and LHCb in understanding
the QCD/EW models and searching for new physics
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Data samples 

• Belle-II (50/ab) has 50~100 times more statistics
• STCF is expected to have higher detection efficiency
• STCF has low backgrounds for productions at threshold

Data samples with 1 ab-1 integral luminosity 
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𝑫𝟎 mixing and CPV parameters
• Three kinds of 𝐷."𝐷. samples can be used @4009MeV
– Quantum-incoherent flavor specific 𝑫𝟎 samples: 𝑫∗$ → 𝑫𝟎𝝅$

• Help to improve precision of strong-phase difference measurement
• Be used to constrain the charm mixing and CPV parameters

– Quantum-coherent C-even 𝑫𝟎"𝑫𝟎 samples: 𝑫∗𝟎"𝑫𝟎 → 𝑫𝟎"𝑫𝟎𝜸
• Be used to perform charm mixing and CPV parameters measurements
– The interference effect, containing mixing and CPV, is doubled 

compare to incoherent case
• Help to constrain the strong-phase difference and CP fraction 

measurements
– Quantum-coherent C-odd 𝑫𝟎"𝑫𝟎 samples: 𝑫∗𝟎"𝑫𝟎 → 𝑫𝟎"𝑫𝟎𝝅𝟎

• Same as 𝐷."𝐷. samples @3770, improve precision of strong-phase 
difference measurements and CP fraction measurements
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BES III
1033 cm-2s-1

STCF
1035cm-2s-1	(1ab-1)

J/y 10´109 10´1011

y(2S) 3´109 3´1011

D(3.773GeV) 6´107	 6´109	

Ds (4.17	GeV) 1´107	 1´109	

t+t- (3.68GeV) 2.4´109	

t+t- (4.25GeV) 3´107	 3.5´109	

Λ0$Λ0'(4.64GeV) 3´106	 6´108	



Charm mixing and CPV parameters 

• For quantum-incoherent 𝐷% meson samples[1]:

• For quantum-coherent 𝐷%"𝐷% samples:
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Integral Luminosity of  STCF
• No Synchrotron radiation mode, assume running time 9 months/year
• Assume data taking efficiency 90%

0.5 ´ 1035cm-2s-1 ´ 86400s ´ 270days ´ 90%  ~ 1.0ab-1 /year
10 years data taking, total 20 ab-1 conservatively 

Excellent opportunities for the t-charm physics

at Belle II
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Features in studying charm hadron decays

p Most are precision measurements, which are mostly dominant by
the systematic uncertainty

p STCF has overall advantages in several studies

3.0 fb-1~ 4000 Events
60 fb-1~ 80000 Events

0.5 fb-1 ~ 80 Events
1.0 ab-1~ 160000 Events

BESIII/
STCF

Belle II LHCb

Production yields ★★ ★★★★ ★★★★★

Background level ★★★★★ ★★★ ★★

Systematic error ★★★★★ ★★★ ★★

Completeness ★★★★★ ★★★ ★

(Semi)-Leptonic mode ★★★★★ ★★★★ ★★

Neutron/KL mode ★★★★★ ★★★ ✩

Photon-involved ★★★★★ ★★★★ ★

Absolute measurement ★★★★★ ★★★ ✩


